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EXHIBIT 1 



Orienting Cancellous Bone For The Preparation of Graftech Cervical Spacer 

ToddBoyce, 10/9/00 

Objective: Cut the bone such that the loading direction of the Cervical Spacer is in alignment with 
that of the tissue in the original donor bone. 

Concept: When cancellous hone is formed (in the donor bone), it is aligned along the direction of loading . 
This put the cancellous bone is the best location and orientation to support loads in the likely loading 
directions. 

Load is transferred from the articular surface (covered with cartilage, where it forms a joint with another 
bone) through this cancellous bone to the cortical shell where it is carried to the other end. Certain early 
researchers, including John Koch (1917), noticed distinctive patterns in the proximal femur, and found 
through engineering calculations that stresses within femur corresponded to the architecture of the 
cancellous bone (Figure 1). The body naturally places bone where it will be loaded, and removes it from 
places that it will not be loaded. We want to take advantage of this naturally strong orientation to make the 

cuts for the Cervical Spacer. 
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Figure 1 - Cancellous bone orientation in the proximal femur, and corresponding stress calculations by 
John Koch, 1917. J 



The key to cutting bones to hold orientation is to make the first, facing cuts (which will become the top or 
bottom surface of the Cervical Spacer) perpendicular to the trabecular orientation in the bone. This is 
usually perpendicular to the long axis of the bone. 

Proximal Femur 

The cut is made perpendicular to the principal compressive group of trabeculae (Figure 2). 




r Figure 2 - Proximal femur , showing trabecular orientation and facing cut. The cut surface will then 
become the upper or lower surface of the finished Cervical Spacer. 

Distal Femur 

The facing cut for the distal femur cuts across the protrusions of the condyles (Figure 3). 




Figure 3 - Distal Femur, showing cancellous orientation and facing cut. 



Proximal and Distal Tibia 

The tibia is loaded axially along the length of the bone, so that a standard transverse feeing cut is 
appropriate for both the proximal and the distal ends (Figure 4). 
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Figure 4 - Tibia, showing facing cuts for the proximal and distal locations. 



4 



Patella 



ry 



The patella is a bone that is loaded primarily in tension, between the quadriceps femoris tendon and the 
patellar ligament The facing cut should transverse the patella near the insertion of the quadriceps femoris 
tendon, on the broad superior margin (Figure 5). 
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Figure 5 - Facing cuts and anatomy for the Patella. 
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The Foot -Talus & Calcaneus 



Trabecular patterns and load distribution are shown in figure 6 for a fully articulated foot, including Talus 
and Calcaneus. 
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Figure 6 - Load distribution and trabecular patterns for the toot. 
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The talus is somewhat unique, in that the load is distributed from one articular surface to two others. 
Figure 6 shows cancellous trabecule beginning from the convex superior (trochlear) surface, and then 
oriented toward both the convex navicular surface and the concave calcanear surface. Facing cuts can be 
made from any of these three surfaces and still allow appropriate trabecular orientation (Figure 7). As 
before, the surface made by the facing cuts becomes either the upper or lower surface of the Cervical 
Spacer. 
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Figure 7 - Facing cuts and loading distribution for the Talus. 
Calcaneus 



The calcaneus is loaded along its long axis from the joint made with the Talus (Figure 6). Facing cuts can 
be made from the talar surface, or from the tip, or heel region (Figure 8). 




Figure 8 — Calcanear loading and facing cuts. 



7 



Humerus 



The load on the humerus is approximately along the long axis, thus facing cuts are approximately 
perpendicular to the long axis. 
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Figure 9 



- Humerus, showing loading orientation and facing cut. 



Additional points: 

• Note that in almost every case, the facing cut is made parallel to an articular (cartilage) surface. 

• Additional cuts can be made beneath the original facing surface (watering), as long as they are cut 
parallel to the original facing cut, and the bone is strong enough (by the pinch test, and other methods 
that will be defined later). 

• Once the cervical spacers are blanked, it is important that you be able to re-establish the right 
orientation to make the finishing cuts. Develop a systematic method of orienting or marking the 
cervical spacer blanks so that you can re-orient them easily and accurately for the final machining 
steps. 
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Freeze-Dried Graftech Cervical Spacer: Implant Visual Grade Characteristics 



Grade 1: 

• AH flat surfaces have a uniform appearance and 
show very little porosity. 

• Where visible, pores are very small and do not 
penetrate deeply into the implant. 

• All implant edges are sharp and well defined. 

• Very little or no discernable visual variation in 
density throughout the implant. 

Grade 2: 

• Some flat surfaces of the implant appear slightly 
more porous than in Grade 1. 

• Pores are small and do not penetrate deeply into the 
implant. 

• Most implant edges are sharp and well defined, with 
some showing slight serration when passing through 
small pores. 

• Overall porosity is only slightly more than in Grade 1 
and distributed fairly evenly throughout the surface 
of the implant. 

Grade 3: 

• Pores on flat surfaces are slightly larger, vary more in size and shape, and are distributed more 
unevenly than in Grade 2. 

j? Edges tend to be less well defined. Some edges have a wavy appearance due to passing through larger 
size pores. 

• Overall implant porosity is not uniform in appearance. Some regions of the implant are noticeably 
more porous in appearance than others. 

• In some regions of the implant, pores are larger and reach deeper into the implant than in Grade 2. 

Grade 4: 

• Pores on flat surfaces are larger and deeper than those described in Grade 3. 

• Large pores are present over the majority of the implant surface. 

• Edges and corners are not well defined and tend to be rounded in appearance. 

• Most edges are interrupted where crossing large pores. 

• Pores on flat surfaces appear to be more prevalent than bone. Edges of the implant appear translucent. 

• Majority of the implant's surface has a web-like appearance. Implant looks fragile. 

Grade 5: 

• Pores are so large and more prevalent than bone that the surfaces and body of the implant has a net-like 
appearance. 

• Body of implant appears to be almost transparent. 

• Edges are not well defined and have small thread-like protrusions. Chamfer edges are very hard to 
discern. 

• Implant looks extremely fragile. 
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Purpose of Study 

The main objectives of this study were to: 

• Mechanically test the largest and smallest sizes of the proposed ACF implants in static compression, 
using the results to determine if statistically significant differences exist in their load carrying 
characteristics. 

• Develop a linear regression between freeze-dried apparent density and compressive strength for the 
largest and smallest sizes of the proposed ACF implant 

• Determine whether or not the linear relationship between freeze-dried apparent density and 
compressive strength is significantly influenced by the size of the implant being considered. 

Materials and Methods 

Specimens belonging to the following two groups were tested in compression: 

• 1 1mm x 14mm x 5mm (LxWxH), V.I. treated, freeze-dried, machine-cut ACF dense cancellous 

• 1 1mm x 14mm x 13mm (LxWxH), V.I. treated freeze-dried, machine-cut ACF dense cancellous 

Specimens derived from 5 different donors were used for this study. It should be noted that all of the test 
articles used in this study were cut by machine. 

Test specimens were placed in physiological saline at room temperature for 30 minutes prior to testing. 
Compressive tests were each performed as quickly as possible, but no more than 5 minutes from the time 
^ that each test article is removed from the saline fluid. 

Specimens were preloaded (under load control) to 10 N of compressive load. Machine axial displacement 
was then zeroed at this preload. 

The testing equipment used was the MTS model 858 Bionix materials testing system. The system load ceil 
(+100 kN) operated in the +10 kN load range, and the system actuator-mounted LVDT were used to collect 
load and displacement information. Testworks version 4 software was used for load displacement data 
acquisition and storage and machine control. 

Specimens were loaded using a ramp waveform at a constant rate of 25 mm/minute in displacement control 
mode. A total displacement of 3 mm was applied to the 1 1x14x13mm test articles and a total displacement 
of 2mm was applied to articles in the 1 1x14x5mm group. 

John Winterbottom, Associate Scientist, conducted these tests at Osteotech Inc. Headquarters, located in 
Eatontown, NJ. 

Terminology 

The terms "density" and "calculated density" throughout this report refer to apparent density calculated 
from the measured weights and dimensions presented in the Appendix. The term "nominal density" refers 
to apparent density calculated using specimen weight and the nominal dimensions for that implant size (e.g. 
volume calculated using 1 1x14x5mm with 2.1 1mm chamfer). 

The term "absolute error" refers the absolute value of the difference between a regression equation 
prediction for a specimen load at yield value, and the actual load at yield value obtained from the 
compressive testing of that specimen. 
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Results 

Tests were performed in accordance with the protocol 1 approved on 8/15/00. The following tables and 
figures summarize the results for both size groups included in the study: 



Table 1: Individual Results for 11x14x5 Specimens 
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Table 2: Individual Results for 11x14x13 Specimens 
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Figure 1: Load at Yield Scatter Plots for the 11x14x5mm Group 
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00-068 ACF11x14x13mm 
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Figure 2: Load at Yield Scatter Plots for the 11x14x13mm Group 
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Table 3: Two-Sample t-Test Assuming Equal Variances, Load at Yiel d 

11x14x5mm 11x14x13mm 



Mean (N) 

Variance 

Observations 

Pooled Variance 

Hypothesized Mean Difference 

df 

tStat 

P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 



1780.9 
909769.5 

30 
614855.8 
0 

58 
1.4057 
0.0826 
1.6716 
0.1651 
2.0017 



1496.3 
319942.1 
30 



Tabl e 4; Two-Sample t-Test Assuming Equal Variances, Displacement at Yield 

11x14x5mm 11x14x13mm 



Mean (mm) 

Variance 

Observations 

Pooled Variance 

Hypothesized Mean Difference 

df 

tStat 

P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 



0.3300 
0.0067 

30 
0.0123 

0 

58 
-3.10035 
0.00149 
1.67155 
0.00298 
2.00172 



0.4187 
0.0179 
30 



Table 5: Comparison of Load at Yield Means for Hand-Cut and Machine-Cut 
Specimens, Differing in Cross-Sectional Area 

1 1x14x5(068) 11x11x5(063) 



Mean (N) 1780.9 

Variance 909769.5 

Observations 30 

Pooled Variance 596652.9 

Hypothesized Mean Difference 0 

df 59 

tStat 1.7929 

P(T<=t) one-tail 0.0391 

t Critical one-tail 1.6711 

P(T<=t) two-tail 0.0781 

t Critical two-tail 2.0010 



1426.3 
293973.4 
31 
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Table 6; Summary of Absolute Error Calculations for Differing Prediction Types 



Prediction Type 
Reg. Eqn. predicts Population 


Average 
Absolute 
Error (N) 


Sum of 
Absolute Error 
(N) 


13mm predicts 13mm 


282 


8458 


All 068 predicts 13mm 


298 


8946 


5mm predicts 13mm 


345 


10353 


5mm predicts 5mm 


403 


12075 


All 068 predicts 5mm 


427 


12810 


13mm predicts 5mm 


484 


14532 



Table 7: Two-Sample t-Test Assuming Equal Variances, Cross-Prediction Absol ute Error 
~ ~ ~ 5mm Predicts 13mm I 13mm Predicts 5mm 



Mean (N) 

Variance 

Observations 

Pooled Variance 

Hypothesized Mean 

Difference 

df 

tStat 

P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 



345.1 
68414.0 

30 
1142113 
0 

58 
-1.5968 
0.0579 
16716 
0.1158 
2.0017 



484.4 
160008.7 
30 
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A ppendix 

11x14x5mm Specimens 

Freeze-Dry Dim (mm) 
Specimen Dry wt. W D T C Wetwt 

Number (g) ( g ) 



1A 


0.5719 


13.46 


11.26 


5.41 


1.95 


0.8157 


2A 


0.4804 


13.48 


11.21 


5.4 


1.99 


0.6851 


3A 


0.4539 


13.59 


11.3 


5.36 


2.03 


0.7131 


4A 


0.4973 


13.51 


11.36 


5.37 


2.08 


0.703 


5A 


0.4892 


13.42 


11.19 


5.29 


1.97 


0.7186 


6A 


0.5131 


13.42 


11.24 


5.31 


1.95 


0.7208 


7A 


0.5113 


13.52 


11.48 


5.34 


2.02 


0.7985 


8A 


0.4175 


13.56 


11.09 


5.36 


1.93 


0.6233 


9A 


0.4185 


13.56 


11.36 


5.33 


2.02 


0.5909 


10A 


0.4044 


13.48 


11.37 


5.35 


2.05 


0.5777 


11A 


0.4517 


13.51 


11.01 


5.33 


1.93 


0.6135 


12A 


0.2965 


13.49 


11.11 


5.29 


1.98 


0.4125 


13A 


0.4521 


13.69 


11.43 


5.36 


1.97 


0.7367 


14A 


0.6901 


13.63 


11.39 


5.39 


2.02 


0.9639 


15A 


0.644 


13.53 


11.51 


5.39 


1.99 


0.9553 


16A 


0.5795 


1^ 77 


11 Oft 


o.oy 




u.o4yo 


17A 


0.4828 


13.64 


11.47 


5.36 


1.95 


0.751 


18A 


0.5875 


13.5 


11.49 


5.39 


2.04 


0.8423 


19A 


0.6096 


13.62 


11.52 


5.3 


2 


0.874 


20A 


0.6867 


13.57 


11.43 


5.34 


2.07 


0.9322 


21A 


0.6555 


13.55 


11.5 


5.32 


1.95 


0.9056 


22A 


0.6137 


13.67 


11.48 


5.38 


2.03 


0.8267 


23A 


0.6578 


13.6 


11.57 


5.31 


1.97 


0.9231 


24A 


0.462 


13.52 


11.46 


5.36 


1.98 


0.6494 


25A 


0.3892 


13.59 


11.4 


5.34 


1.93 


0.6348 


26A 


0.4305 


13.57 


11.37 


5.25 


1.95 


0.7543 


27A 


0.5592 


13.65 


11.53 


5.31 


2.07 


0.8759 


28A 


0.4418 


13.55 


11.41 


5.31 


2.11 


0.7321 


29A 


0.3998 


13.57 


11.33 


5.24 


2.09 


0.7025 


30A 


0.5039 


13.57 


11.43 


5.32 


2.07 


0.7949 


Mean 


0.511713 


13.55967 


11.366 


5.34 


2.004667 


0.755897 


S.D. 


0.099678 


0.078717 


0.140433 


0.042508 


0.052898 


0.128361 
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11x14x13mm 
Specimens 

Dry wt. W D T C Wetwt. 



<9> (9) 



1B 


1.3996 


13.52 


11.43 


13.55 


2.07 


2.1905 


2B 


1.3090 


13.52 


11.48 


13.65 


2.13 


2.4164 


3B 


1.2867 


13.52 


11.40 


13.55 


2.06 


1.9529 


4B 


1.4566 


13.57 


11.35 


13.52 


1.93 


2.202 


5B 


1.2842 


13.53 


11.39 


13.56 


1.95 


2.3185 


6B 


1.1076 


13.53 


11.22 


13.54 


1.86 


2.066 


7B 


0.8035 


13.56 


11.53 


12.98 


1.91 


1.2182 


8B 


0.9357 


13.62 


11.35 


13.53 


1.96 


1.4653 


9B 


1.1536 


13.56 


11.47 


13.55 


2.15 


1.7205 


10B 


1.0365 


13.53 


11.43 


13.64 


2.03 


1.5012 


11B 


0.9381 


13.63 


11.32 


13.55 


2.05 


1.4747 


12B 


1.0036 


13.55 


11.31 


13.60 


1.99 


1.5586 


13B 


1.145 


13.65 


11.38 


13.57 


1.96 


2.1268 


14B 


1.5109 


13.63 


11.38 


13.60 


1.99 


2.3367 


15B 


1.6636 


13.65 


11.51 


13.64 


1.95 


2.551 


16B 


1.2844" 


13.29 


11.39 


13.68 


2.05 


2.0297 


17B 


1.4134 


13.58 


11.40 


13.62 


1.97 


2.3757 


18B 


1.2171 


13.58 


11.48 


13.66 


2.04 


2.1676 


19B 


1.0554 


13.51 


11.34 


13.61 


2.02 


1.8207 


20B 


1.556 


13.59 


i 1 .yJ£- 






z.zouo 


^IB 


1.3559 


13.56 


11.48 


13.55 


2.05 


1.9399 


22B 


0.9797 


13.56 


11.39 


13.61 


1.98 


1.4293 


23B 


1.3526 


13.58 


11.49 


13.62 


2.05 


1.883 


24B 


1.4141 


13.54 


11.48 


13.53 


2.00 


2.0934 


25B 


1.6105 


13.60 


11.32 


13.65 


2.06 


2.4965 


26B 


1.5183 


13.60 


11.36 


13.61 


2.09 


2.4276 


27B 


1.4155 


13.63 


11.55 


13.68 


1.97 


2.1853 


28B 


1.228 


13.63 


11.50 


13.71 


2.02 


1.8588 


29B 


1.0113 


13.53 


11.35 


13.62 


1.98 


1.9487 


30B 


1.0706 


13.55 


11.27 


13.63 


1.91 


1.9538 


Mean 


1.250567 


13.56333 


11.409 


13.57933 


2.006333 


1.999663 


S.D. 


0.223891 


0.066661 


0.082602 


0.124067 


0.065257 


0.352698 



